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ABSTRACT

The awareness information in collaborative systems supports the interaction between people.
However, traditional awareness systems are limited to mechanisms that display data often isolated
from the context of social interaction and do not fully reflect the individual relevance of a person
(social presence) in the collaborative activity. Therefore, proposing more dynamic and efficient
tools to facilitate the acquisition and presentation of social presence information is convenient.
This research proposes a social presence visualization system and its conceptual architecture and
develops a user-centered prototype. The prototype integrates functions that let the user select dif-
ferent representations of social presence (pictogram, bar chart, donut chart, and radial). We used
the prototype in a collaborative video game (AssaultCube-CX) to study the effects of social pres-
ence visualization on users’ performance. We studied the social presence of 12 Mexican volunteers
by recording their activities during the tests to analyze their social presence. The social presence
quantitative analysis indicates that the visualization of social presence during the collaborative

activity increase awareness of social presence and improves team performance in most cases.

1. Introduction

Groupware Systems (GS) support team activities in which a
group of users interacts to combine their skills, abilities, and
work to achieve a common goal (Herrera et al., 2014). GSs
assist the collaborative working process through awareness
information that helps keep people aware of events beyond
their current tasks (Dourish & Bellotti, 1992), for example,
understanding who is participating, where they are, what they
say, and what they do (Storey et al., 2005). This insight helps
people make inferences about the intentions, actions, or even
emotions of others, and provides a context for group activ-
ities and social interactions (Markopoulos & Mackay, 2009).
Studies in several contexts, including control rooms, med-
ical environments, and general offices, have shown how sensi-
tive people are to what others are doing, whether by
overhearing talk or overseeing another’s activities (Luff et al.,
2008). In remote collaborative environments, some of these
natural resources that people use to overview the team activ-
ity are lost. In these particular contexts, where people work
together while geographically spread, awareness support com-
pensates the inefficiencies related to remote communication,
provides information to help people maintain awareness of
the people and events in the shared environment, and
reduces the effort needed to coordinate activities and resour-
ces in a collaborative activity (Antunes et al., 2014).
Awareness of the situation during a collaborative activity
evolves from the information that the system provides.

Within the awareness information that a system can offer,
social presence awareness information plays an important
role in supporting collaborative work. Social presence aware-
ness provides the understanding of the relevance of users
when they are participating in a collaborative activity
(Montané-Jiménez et al., 2015).

Visualization is one of the strategies used to display social
presence information and create knowledge.
Awareness visualization mechanisms are meant to display
awarness information in a visual and meaningful way to sup-
port decision-making when users are participating in a collab-
orative activity. For example, in a competitive context such as
video games, performance awareness from a team support per-
spective (social presence) is considered useful information to
the players, who by the nature of the game, have to coordin-
ate, develop team strategies, and make decisions quickly. These
visual means will help decision-makers to better understand
team member interactions and contributions to the collabora-
tive activity (Montané-Jiménez, 2016; Pouryazdan et al., 2017).

Researchers have evaluated social presence in diverse task
settings (Liang et al, 2015; Montané-Jiménez et al., 2015;
Xu et al, 2016). Although the information is captured auto-
matically, analysis and visualization of the social presence are
done” manually” by the researchers, which is time-consuming.
There are some attempts to develop performance awareness
visualization mechanisms that weigh teamwork, for example
Gerosa et al. (2003) and Xu et al. (2016). However, these
attempts are limited in terms of implementation as the
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information is not presented in a timely manner or is pre-
sented in a way unsuitable for the user, like tables difficult to
assimilate during collaborative activity. Furthermore, little
effort has been put into the information presentation and the
evaluation of the effects of social presence visualizations in
user perception and performance.

Social presence information is traditionally presented in a
non-user-centric way, which can cause usability limitations
and increase the user’s cognitive load, such as distractions
that negatively affect the user’s performance during the
activity. Considering the challenges associated with visualiz-
ing social presence, the following research questions arise:
How to present social presence information in a collabora-
tive video game? What is the effect of social presence visual-
ization on users’ performance in a collaborative video game?

This paper aims to analyze different ways of presenting
social presence, propose a social presence visualization system
and its conceptual architecture, and develop a user-centered
prototype considering PC players as the target population.
The prototype integrates functions that let the user select dif-
ferent visualization techniques to represent social presence
(pictogram, bar chart, donut chart, and radial). The collabora-
tive videogame AssaultCube-CX is used as a case study to
analyze the effects and preferences of social presence visual-
ization. We conducted an exploratory study to examine the
social presence of a group of 12 volunteers from Mexico
while playing AssaultCube-CX with and without social pres-
ence visualization.

In this article, Section 2 analyzes the concept of social pres-
ence, describes the process of awareness information visualiza-
tion, and examines the state of the art of awareness
visualization techniques used in GS and collaborative video
games. Section 3 presents a proposal for a social presence visu-
alization system. The proposal includes conceptual system
architecture and a prototype of a social presence awareness
visualization system developed under a user-centered design
approach. Section 6 presents the experimental evaluation of
the prototype and the outcomes reported. In Section 7 the
results of the research are discussed and finally, Section 9
presents the conclusions.

2, Background

The concepts of social presence awareness and visualization
are presented below. In addition, we present a review of the
awareness visualization techniques and mechanisms in
groupware systems. Finally, we describe the main visualiza-
tions of performance and social presence awareness in col-
laborative video games.

2.1. Social presence awareness

Currently there is no universally accepted definition of social
presence awareness. Biocca et al. (2003) state that social pres-
ence is the sense of being together with another. This social
presence is not a physical fact, but a psychological one.
According to Hudson and Cairns (2016), the term social pres-
ence is used to understand social connections through media

such as digital games but also including virtual environments.
This connection or feeling of being together is the product of
a shared involvement, whether that involvement consists of
explicit communication, working together, or simply being
aware that actions are occurring in a shared context (Lankes
et al,, 2016). As Hudson and Cairns (2014) state,” social pres-
ence is a concept built around the evidence of other humans
within a virtual environment, with even simple cues such as
the score of other players in a computer game being enough
to increase social presence.”

Social presence awareness is a multidimensional concept
(Biocca et al, 2003; Hudson & Cairns, 2014; Shen et al,
2009), based on the evidence of other humans and build upon
different Information Technology (IT) artifacts that bring the
sense of social presence in different ways (Shen et al., 2009).
According to Schroeder (2002), mutual awareness, common
focus of attention, and collaborative task performance, are all
key elements of social presence. Although definitions of social
presence vary, they cluster around these key elements.

While there is still considerable disagreement among
authors on what social presence precisely entails, in the pre-
sent paper we refer social presence awareness as the rele-
vance of users when they are participating in a collaborative
activity (Montané-Jiménez et al., 2015).

2.2. Awareness visualization techniques and mechanisms

When working in collaborative environments, team members
need to deal with different stimuli at the same time, keeping a
record of a large amount of information in the environment
(e.g., chat track record or records of versions of documents
being collaboratively written). Awareness tools can help users
receive the required information to collaborate effectively in
Computer Supported Cooperative Work (CSCW) environ-
ments. A strategy to display this information and facilitate its
interpretation is visualization (Janssen et al., 2011).
Visualization refers to the visual representation and pres-
entation of data to facilitate information understanding
(Kirk, 2019). There are many visualization techniques used
to represent data that vary by position, size, shape, texture,
color, transparency, and orientation. These properties,
known as visual variables, differentiate the techniques from
each other and have certain characteristics that can be inter-
preted according to the meaning of the object (Storey et al,,
2005). For example, in the course of writing a collaborative
text, the color of one part of the text can be interpreted as
the authorship of the individual identified with that color,
or in a videogame, the color associated with an individual
helps to identify him/her as a member of a specific team.
Given the wide array of information visualization techni-
ques, designers must address the critical question of how to
convert data into a form that people can easily understand
without losing valuable information in the process (Ware,
2012). The selected visual structure should preserve the data
and transmit the information effectively, consequently, a
graphic is more useful if it is easier to interpret or its inter-
pretation produces fewer errors (Schneiderman, 1999).



According to the perspective of the Human Centered
Visualization, the designer must understand the characteris-
tics of the target users, the users’ awareness needs, and iden-
tify which awareness information is relevant, how it will be
obtained, where and how to display the awareness informa-
tion in a groupware interface. To prevent interruptions dur-
ing the collaborative activity, it is necessary to carefully
balance the need to provide information so the attention
required for collaborating is not disrupted. The supply of
information in a structured, filtered and summarized man-
ner can provide this balance (Fuks et al., 2005).

After the information that is meaningful to users has
been understood and selected, the subsequent step is to ana-
lyze how it can be represented and distributed. To select the
right media, we must take into account the characteristics of
the users, their context, the GS technology to be used, the
activity and the team dynamics (Cepero et al., 2018). For
example, the user’s level of knowledge and experience has
effect on interpretation, since the prior knowledge is used to
analyze and interpret the awareness visualization (Sacha
et al., 2016). An adequate technique selection to implement
awareness elements helps to prevent information overload
and misinterpretation of data (Gerosa et al., 2003).

In the context of CSCW, some research explored the use
of visualization to support awareness in collaborative activ-
ities. Gutwin and Greenberg (2002) examined the awareness
of the shared workspace, understood as the acquaintance of
the collaborators’ interactions with the workspace, and pro-
posed a framework for supporting this kind of awareness in
small or medium-sized groups working collaboratively. This
framework defines the elements that are part of the work-
space awareness, the representative mechanisms used to pro-
vide different information about the workspace, their uses
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Figure 1. Awareness support elements in a FPS videogame (AssaultCube, 2019).
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and examples of how to implement the framework to design
of groupware interfaces. According to Gutwin and Greenberg
(2002), the awareness information must be perceived and the
recipient needs to understand the information. Thus they rec-
ommend presenting the information in a direct and familiar
way to help users to easily interpret it.

Wang et al. (2007) analyzed the different awareness tech-
niques used in groupware systems and research prototypes, as
well as the configuration of their notifications. Idrus et al
(2010) analyzed the use of four visualization techniques (text,
2D graphics, 3D avatars, and audio-video) to support differ-
ent forms of awareness. Herrera et al. (2013) compared
awareness mechanisms in different collaborative systems, and
propose a taxonomy of such mechanisms. Storey et al. (2005)
proposed a framework on the use of visualization to support
activity awareness in software development.

In video games context, Nova (2002) reviewed the aware-
ness mechanisms used in video games to support team play
and collaboration. This study analyzed FPS (first-person
shooter) video games, game guides, and interviews with
players to gather information on awareness mechanisms.
Most of the interviewed players acknowledge that collabor-
ation is a key factor in winning, that collaboration is not
sufficiently developed among participants, and that there are
not enough awareness tools. The review of awareness mech-
anisms shows that some tools were indirectly supporting
awareness with maps and lists. There were other tools sup-
porting awareness through visual information that provide
clues or signals which imitate the real world, for example
blood marks that serve as action indicators, and communi-
cation tools like chat which make team member coordin-
ation easier (see Figure 1).
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Table 1. Awareness visualization mechanisms in Groupware Systems.

Workspace awareness

Situation awareness

Social awareness

Mechanism Presence  Authorship  Location  Activity = Status Communication  Emotion  Performance Reference
Action indicators v Gutwin and Greenberg (2002)
Artefact movement v Nova (2002)
Avatar v Gutwin and Greenberg (2002)
Chat v v v Nova (2002)
Color (icon or text) Gutwin and Greenberg (2002)

Herrera et al. (2013)
Creation colouring
CPU message v Nova (2002)
Graphic v Wang et al. (2007)

Herrera et al. (2013)
List v Nova (2002)
Log v v v v Nova (2002)
Map or radar v v Nova (2002)
Marking artifacts v Gutwin and Greenberg (2002)
Messages and emails v Herrera et al. (2013)
Participant list v Gutwin and Greenberg (2002)
Participant picture v Gutwin and Greenberg (2002)
Table v Nova (2002)
Tag v v v Nova (2002)
Telepointer v v v Gutwin and Greenberg (2002)
Text v v v Storey et al. (2005)

Idrus et al. (2010)
Timeline v Wang et al. (2007)

Herrera et al. (2013)

v Isaacs et al. (2014)

As the result of the literature analysis, Table 1 introduces
a series of visualization mechanisms that some researchers
in the CSCW area have proposed to support awareness in
collaborative activities. As the table shows, the awareness
tools discussed in the literature are used to support work-
space awareness, situation awareness, and social awareness.
Workspace awareness refers to the knowledge that helps
users raise awareness of who is present in the workspace
(presence), who is responsible for the actions (authorship),
where they are working (location) and what actions they are
undertaking (activity) (Gutwin & Greenberg, 2002).
Meanwhile, situation awareness is one of the most general
types of awareness, it refers to the knowledge required to
operate a system, and to the perception of the environment’s
relevant elements (Herrera et al., 2013) that help develop a
sense of what is happening. Social awareness refers to the
awareness of the social situation of a team member. It
includes the other team members’ activities and roles, or the
way they contribute to a task (performance), and their emo-
tional status (Antunes et al., 2014).

The analysis of the mechanisms used to provide aware-
ness information in GS reveals that attempts to explore
and display performance information to users have been
limited. Notably, social presence awareness is not
addressed in most frameworks, taxonomies, and studies of
the mechanisms for awareness support that have been
examined. As Table 1 shows, the awareness information
presented on collaborators’ contributions is presented in
the form of either horizontal list as a timeline or vertical
list as a table. These reporting modes require the user to
conduct a laborious analysis of his or her contributions
relative to teamwork in order to evaluate how much he

Figure 2. Icon and text.

or she has contributed to the teamwork. Therefore, it is
important to explore mechanisms for the visualization of
this type of awareness to facilitate the interpretation of
the performance.

Looking back at Gutwin and Greenberg (2002), it is cru-
cial to know the user and his context in order to identify
how the information is transmitted. So, people can keep
using these familiar mechanisms or others that are specific
to particular situations and domains. Accordingly, we ana-
lized the mechanisms of social presence awareness in com-
petitive collaborative video games. The video game analysis
indicates that the most common techniques for visualizing
performance information during collaborative activities are
text, sometimes together with an icon (see Figure 2, and a
bar chart with the player’s name, see Figure 3). Also, once
the games are over, performance information -known as sta-
tistics or scoreboard- is regularly displayed in lists (see
Figure 4). It is worth mentioning that some players find
tools that help them to learn about their performance. These



tools usually display the information as a number and per-
centage along with bar charts, radial charts, or line charts as
in Figure 5.

Performance evaluation is an essential element in games.
Many collaborative video games already consider measuring
the users’ performance and providing visualization mecha-
nisms that support awareness. However, these measurements
are often limited to metrics such as scores or levels, which
do not include detailed achievements (Montané-Jiménez
et al., 2013). An analysis of awareness tools that provide per-
formance information on current video games suggests that
new ways of evaluating and presenting player performance
are being integrated, metrics such as assists, that count the
harm caused to enemies, and KDA, a metric that includes
Kills, Deaths, and Assists. While the Assists and KDA are a
major step forward in supporting social presence awareness
as they include contributions that cause harm to the enemies
in battle games, these metrics are an incomplete solution. In
fact, evaluating an individual’s overall performance requires
analyzing this information along with their other
contributions.

The outcomes from the analysis of visualization mecha-
nisms that support performance awareness present a frame-
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work for selecting visualization techniques appropriate for
visualizing social presence. The elements observed in this
study give an overview of the visualization techniques that
could be appropriate to represent awareness information in
the context of collaborative videogames.

3 Social presence visualization system

The social presence visualization system collects social pres-
ence data from a groupware system, processes it, and trans-
forms it into a representation that is updated in real-time
(see Figure 6). A conceptual architecture for the social pres-
ence visualization system in groupware systems is proposed.
The conceptual architecture seeks to build a visualization
system to generate visual representations of the social pres-
ence that can be customized. Figure 7 shows the design of
the conceptual architecture.

The conceptual architecture (see Figure 7) includes
three components: an extended groupware that generates
collaborative activity data, a visualization system that trans-
forms the data into visual representations, and a user
who perceives the visualization. The extended groupware
contains a social presence sensor that assesses—through
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Figure 6. Social presence visualization system.
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Reduce social presence data
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A
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Table 2. Example of social sensor data.

Visualization System

Client

Social Presence
Visualizer

Preference

Manager

Goals Tasks
Id Game Team User + — | + — |
1 1 Blue Uy 14 0 10 18 5 25
2 1 Blue u 19 0 14 34 3 25
Server 3 1 Blue us 27 0 6 18 3 20

Performance
Processor

Information
Manager

Figure 7. Conceptual architecture of the visualization system.

Extended
Groupware

Algorithm 1—the objectives and tasks to measure social
presence. Once the sensor analyzes the data for each collab-
orator’s contributions and calculates their social presence, a
six-integer array that represents the social presence of each
user is stored in a database (see an example in Table 2).
Subsequently, the visualization system gathers social pres-
ence data and processes it.



Algorithm 1. Algorithm for the measurement of social pres-
ence Montané-Jiménez et al. (2015).

Require: space, actor, t is time, W, is the array or weighting
vector, Activity elements E [e},e,,...,e,]) where E are the
tasks” outcomes
Ensure: f SocialPresence of actor

L: ingex — 1

2: SW, — array[1,2, ..., length(E)]

3:for all e € E do

4: w, — WeightingoftheElement (e, W,)

5: te. — AddTeamElements(space, e, t)

6: te, < AddActorsElements(space, actor, e, t)

7 if te, > 0 then

8 g — (te, x 10)/te,
9

: else
10: g <0
11: end if
12: Cya < Ze X W,
13: SWe[eindex + 'H  €yq
14: end for

15: f SocialPresence «— [> ("' SW,]
16: return f SocialPresence

The suggested visualization system consists of four elements:
information manager, performance processor, preference
manager, and social presence visualizer. The information
manager gathers the stored social presence data and sends
the information to the performance processor. The perform-
ance processor element processes and normalizes the data,
adjusting the measured values to a 0 to 1 scale in order to
obtain uniform measurements that are easy to compare and
understand in relation to the scale.

3.1. Information manager

The information manager collects social presence information
from the extended groupware. Social presence information is
gathered in an array of six integers that represent each play-
er’s social presence (see Figure 8). These values reflect the
overall results of the achieved objectives (positive, negative,
and neutral) and completed tasks (positive, negative, and neu-
tral). Since the objectives are task-based, the results of the
objectives and tasks reflect the same information at different
levels of abstraction. This research will use task information
as a social presence indicator because these data reflect the
same contribution as the target data but in more detail.

3.2. Performance processor

The performance processor reduces the data obtained from
the social presence sensor. This element is designed to
acquire and reduce the array of data that represents social
presence at an individual and team level. These are the
parameters received: the actors of the collaborative activity;
the team identifier; the time (#) in seconds up to where the

INTERNATIONAL JOURNAL OF HUMAN-COMPUTER INTERACTION e 7

Social Presence

Objectives Tasks
/y\ /y\
Positive Negative Neutral Positive Negative Neutal

(+) () (+-)  (#) () (+/-)

Figure 8. Social presence representation (Montané-Jiménez et al., 2015).

social presence is calculated; and the elements of the social
presence retrieved from the Social Presence Sensor, where E
is the array of the positive, negative, and neutral elements of
an actor’s social presence during the collaborative activity in
the space of time t. The values of these elements are used to
calculate a unique social presence value using the
reducePresence function. Through this function the value of
the element that represents a negative impact is subtracted
from the element that represents the positive impact to the
team work. It is important to note that the proposed func-
tion to reduce social presence does not include the neutral
values of the social presence outcomes because these repre-
sent tasks that do not contribute to the social presence of
the team. For example, in AssaultCube-CX these tasks could
be changing weapons or looking at a map which are neces-
sary for the progression of the game but are not relevant in
terms of social presence. In the case of the team’s social
presence, as well as in the individual representation of social
presence, an array of three numbers represent the sum of
the positive, negative, and neutral elements of all the team
members’ social presence. In addition, the reducePresence
algorithm is used to obtain a unique value that represents
the team’s social presence.

To normalize social presence data, it is necessary to cal-
culate the expected contribution per actor. The
ExpectedContribution function takes the size of the Actor
array and assigns the result to N,. This function calculates
the expected contribution per actor by dividing 1 between
the number of actors (N,), shown in Equation (1).

ExpectedContribution = 1 (1)
a

The function to normalize the social presence data
receives these values: the actors in the collaborative activ-
ity, their ExpectedContribution, the Social Presence of the
team SP, and the actor’s Social Presence SP,. These val-
ues are used as input parameters by the function to nor-
malize the Social Presence of an actor through dividing
the SP, value between the product of the multiplication
of SP, by ExpectedContribution (see Equation (2)). The
outcome of this function is the value of the normal social
presence of an actor or user (SP,), with 1 being the
desired value that represents an equitable collaborative
activity; a value above” 17 means that the performance is
above target; and a value below 1 means that the con-

tributor is not meeting its target.

Sp,

SP, = 2
SP; - ExpectedContribution @
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3.3. Preference manager

The preference manager, as the name suggests, collects the
user’s visual preference. The preference manager collects infor-
mation on the preference of the level of detail of the social
presence (individual or team) and the preferred visual repre-
sentation. In general, the use of familiar and easy-to-interpret
visual representations is recommended. For example, in video
games, using a bar graph or an icon accompanied by the value
of the performance indicator is common.

3.4. Social presence visualizer

The social presence visualizer transforms the social presence
information into the user’s selected visual abstraction, and
the user perceives it through the graphical interface (GUI).
Figure 6 presents the details of the proposed social presence
visualization system functioning.

4, Case study

The social presence literature review prompted the use of
the social presence sensor developed by Montané (Montané-
Jiménez, 2016; Montané-Jiménez et al.,, 2015) as a tool to
gather social presence data. The social presence information
obtained from the sensor was used to create a social pres-
ence awareness visualization system in a videogame.

AssaultCube-CX is used as a case study to describe how
the visualization system works in a collaborative videogame.
AssaultCube-CX is the extended version of AssaultCube
(AssaultCube, 2014; open source first-person shooter video-
game), which provides data at a low level of the game activ-
ity that enables the study of how people interact through
tasks and contributions. This tool allows us to analyze user
interactions, which can be analyzed to measure social pres-
ence. Then, the social presence visualization system is
explained with the battle activity in Team keep the flag
mode as a scenario.

Social presence awareness information is the relevance of
users when they are participating in a collaborative activity.
In this case study, the videogame AssaultCube-CX, based on
CAMUS model (Montané-Jiménez, 2016), regards the tasks
performed, the objectives achieved, and the goals accom-
plished as the elements with the greatest impact on the play-
ers’ collaboration. According to the model of the
collaborative activity performed in AssaultCube-CX (in its
Team keep the flag mode) developed by (Montané-Jiménez
et al, 2015), the goal is to win the battle. The objectives
could be to destroy the enemy or capture the flag, and the
tasks are walking, shooting, changing weapons, keeping the
flag, and sending a message (Montané-Jiménez et al., 2015).
Throughout a game, every second of the game generates
data of these elements per participant. These low-level data
are subsequently processed by a social presence sensor
through Algorithm 1 (Montané-Jiménez et al., 2015). Table
2 presents an example of the data from the social sensor
that could be obtained in the AssaultCube-CX video
game scenario.

Table 3. Example of normalization results.

fsP, fsp,
User  + - [ + - [ PSP, SP,
U 18 5 25 13 0.6
Uy 70 11 70 34 3 25 59 31 16
Us 18 3 20 15 0.8

Once the sensor analyzes the collaborative activity, an
array of six integers that represent the players’ social pres-
ence is obtained. These values correspond to the overall out-
comes of the achievement of objectives and tasks. For
example, in the previous scenario (see Table 2), u; social
presence is an array of six numbers that reflect the per-
formed objectives and tasks. The numbers that reflect u;
contributions according to the objectives reached are the fol-
lowing: 14 positive points resulting from the achievement of
objectives such as knocking down enemies and keeping the
flag; 0 negative points means that the player did not achieve
objectives that could affect his team, for example knocking
down a teammate; and 10 neutral points are the result of
completing objectives that do not affect or benefit his team.
Table 2 shows the contributions in terms of tasks carried
out. The u; obtained 18 positive points as a result of effect-
ive shots to enemies and enemies holding a flag, 5 negative
points reflecting the impact on the team by effectively shoot-
ing a teammate, and 25 neutral points as a result of tasks
such as changing the weapon and failed shots.

When actor u; connects to the GS and performs a task
such as shooting an enemy, the performance processor reads
the social presence measure stored in the database and
obtains the cumulative full social presence of u; (fSP,). To
obtain the social presence of the team (fSP;), the perform-
ance processor adds the outcomes of the social presence of
all the team members (u;, u, and u3), thus obtaining an
array of three numbers that represent the total of the posi-
tive (+), negative (—) and neutral (—) contributions. The
performance processor uses the generated fSP, and fSP,
arrays to reduce social presence with the reducePresence
function. As Table 3 shows, this function adds the positive
(70) and negative (—11) values of the fSP, to obtain the
of the team’s social presence SP;, (59). The
reducePresence function is used to calculate the social pres-
ence of u; by adding the positive and negative values (18
and —5); the result of u;’s social presence is 13.

We used Equations (1) and (2) to normalize the social
presence data of u;. As Table 3 shows, u; had a social pres-
ence (SP,) of 13, which translated to a normalized value is
equivalent to 0.6, thus meaning that the contributions of
actor u; were lower than expected. Table 3 shows that the
normal social presence of u; (SP,) was the lowest of all the
team members. It also shows that the normal social presence
of the actor u, was the highest (even greater than 1), thus
meaning that u, compensated for the low performance of
u;, making greater contributions than expected. In an ideal
scenario, where all actors work equitably, the normal social
presence of users would be a value close to one.

These processes are performed when the Visualizer requests
them. The visualization system performance processor

value



retrieves the social presence sensor data stored in the database
and reduces them to a single social presence value. The per-
formance processor also normalizes the social presence data
and sends the result to the visualizer for a graphical represen-
tation consistent with the user’s visualization preference.

5. Social presence visualizer prototype

The prototype of social presence visualization system
(VIPSO) was built as a Web application, since it establishes
a design framework through Web services for the integra-
tion of independent collaborative videogames that are
accessed through services on the web. The design and devel-
opment of the social presence visualization system were built
around a user-centered design approach (Standard, 2010).
This is an iterative approach based on the analysis of users
and their context for the development of a design proposal.

User-centered design relies on the identification of future
users of the system and on the understanding of the context
of use to specify user requirements, to propose a design
solution, and to evaluate the design. From studies of the
characteristics, habits and uses of videogames (ADESE,
2006; Aguilar, 2008; Jansz & Tanis, 2007; Montag et al.,
2011) it is possible to depict the profile of a typical player as
a young individual (aged between 12 and 50years) with
knowledge and experience in the use of computers and
Internet. The target population for the AssaultCube-CX case
study is limited to PC players, i.e., users who use a laptop or
desktop computer as a device to play videogames. Note that
in the AssaultCube-CX game, in addition to the computer,
players need a keyboard and mouse to play and possibly a
headset to communicate with their peers remotely. In add-
ition to these devices, a monitor is indispensable to observe
the game. When it comes to the use of these devices, Tran
(2006) points out that users use both hands to play: the
main hand (right for right-handed players or left for left-
handed) to control the mouse and the other hand to operate
the keyboard. Furthermore, regarding the system environ-
ment, ADESE (2006) reports that most players play at home
or at friends” homes.

After analyzing the characteristics of VIPSO users and
the visualization system usage context, we identified the fol-
lowing functional and non-functional requirements for a
social presence visualization system:

Functional requirements

To identify each team member

To be able to analyze the game collaborative activity

To be able to process the social presence of all collabora-
tors simultaneously

To display the individual social presence graphically

To display the team social presence graphically

To keep social presence up to date

Non-functional requirements

To be user-friendly and intuitive
To be easy to use and learn
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Figure 9. Representation of social presence through a bar chart.

Figure 10. Representation of social presence through a bar pictogram.

e To be interactive and versatile
e To be flexible to different monitor sizes
e To contain a definition of social presence

Awareness information is often displayed on the monitor
where the collaborative activity takes place, hindering the
user’s main task (Truemper et al., 2008). In light of this
problem, awareness social presence information will be dis-
played on a secondary or peripheral screen that facilitates
the search of information. When displaying the information
on the peripheral of the system, the secondary screen
reduces the users’ cognitive load because they can verify the
information at a glance (Truemper et al., 2008).

Upon the recommendations regarding the design of
human-centered visualization tools in (Sedig et al., 2014), we
included interactive functions into the system that provide
users with the ability to adjust the visualizations to their
needs and preferences. These functions are: the option select
individual or team view which allows the user to choose
between viewing their own individual performance or all
team members’ performance. Likewise, the option select
visualization technique provides different visualization
options to represent social presence, letting users decide
which one to use.

We followed Gutwin’s recommendations for presenting
awareness information. Gutwin and Greenberg (2002) rec-
ommend presenting awareness information in ways that are
simple and familiar to people to make it easier to interpret.
Therefore, we selected visualization techniques identified in
the literature review that are familiar to videogame users to
facilitate interpretation: the bar graph where the length of
the bar represents performance (see Figure 9); the pictogram
to represent social presence through color (see Figure 10),
where green represents optimal social presence and red rep-
resents poor participation; the donut chart with the percent-
age that it represents (see Figure 11). Finally, the radial
graph (see Figure 12) was also selected to represent team
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social presence, where the distance from each edge repre-
sents the performance of each collaborator and the polygon
area represents the team’s social presence.

Once the context of the social presence visualization sys-
tem in a collaborative videogame was analyzed and the user
requirements were defined, we developed a proposal for a
social presence visualizer (VIPSO). As Figure 13, shows, the

5%

Figure 11. Representation of social presence through a donut chart.

Actor 1

Actor 2

Actor 3

Figure 12. Representation of social presence through a radial chart.

N\

4th
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Design
Solution

3rd
Iteration

Figure 13. Design process and development of the social presence visualizer.

\ 2nd

VIPSO prototype was assessed in terms of usability in four
iterations that facilitated the identification of opportunity
areas and the adjustment to the users’ needs to finally reach
a design solution.

At the beginning of the user-centered design process, we
develop a low-fidelity prototype (Mockup). It was assessed
with six collaborative videogame users using a quick and
dirty usability test. This test resulted in evidence that the
proposed visualization techniques (pictogram, bar graph,
donut chart, and radial) are easy to interpret and suitable to
show social presence information to collaborative videogame
users. The test results also indicated that users were either
unacquainted with the meaning of social presence informa-
tion or interpreted it differently.

After the first iteration, the option about social presence
was added to the design and a prototype was implemented.
In this second iteration, two design proposals were devel-
oped and assessed with the same visualization and iconog-
raphy techniques but differently arranged in the interface.
Six users participated in a comparative test using the proto-
types and evaluated perceived satisfaction of the two interfa-
ces of the VIPSO social presence visualizer. We selected the
VIPSO interface design perceived with greater satisfaction
according to the feedback from the users. We added a func-
tion to consult the social presence track record during
this phase.

In the third iteration, after the required adjustments to
the VIPSO design were made, a group of six usability
experts conducted a heuristic evaluation to verify the com-
pliance of VIPSO with respect to the heuristics for the
evaluation of a peripheral visualization system (Mankoff
et al., 2003). The heuristic evaluation findings demonstrated
that VIPSO fully or partially complies with the heuristic
principles applicable to peripheral environments. However,
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Design
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Iteration == o
Iteration
- avo0
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Figure 14. Individual display interface.
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Figure 15. Team display interface.

it was recommended to add animated gifs to inform users
about the state of the system and alert messages when social
presence remains low for a certain period of time.

Finally, in the fourth iteration, following the experts’ rec-
ommendations, we included an animated load gif to notify
users when data is being loaded, and we also added an alert
message to encourage users to participate when they main-
tain a low social presence. Figures 14-16 show the interface
of the final version of the individual VIPSO display, the
team display, and the game track record.

VIPSO was designed to retrieve data from AssaultCube-
CX collaborative activity, to process social presence, and to
visually display results. For this purpose players need to
identify themselves with a (username) through the VIPSO
login window. Once logged in into the system, VIPSO
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@ Log Out

® Log Out

I Presencia Social

displays four main screens: Home, My Presence (Live),
Team (Live) and Game track record. The home screen
(see Figure 17) provides a brief description of VIPSO and
a definition of social presence. The My Presence screen
(see Figure 14) loads the social presence of the user’s in
the most recent game and the social presence is presented
according to the selected method. The Team screen or dis-
play (see Figure 15) shows the social presence of all team
members in the current or most recent game. Finally, on
the Game track record screen (see Figure 16) the social
presence record of past games is depicted through a line
graph. In addition to the visual representation of the social
presence, VIPSO has a mouseover function that highlights
the performance with a number when the cursor is passed
over the graph.
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Figure 16. Game track record.
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Figure 17. Home.

The proposed social presence visualization system interacts
with a collaborative videogame, analyzes the collaborative
activity, and presents the social presence information graphic-
ally. The visualization system relies on the proposed concep-
tual architecture, which includes two modules: the extended
groupware core and the visualization system. For the purpose
of this case study, the collaborative videogame AssaultCube-
CX was taken as an extended groupware and the visualization
system was developed using web technology. A user-centered
approach was adopted for the design and development of the
Social Presence Visualizer (VIPSO).

6. Experimental assessment

This experiment aims to evaluate the effects of social presence
visualization on team performance in a collaborative

sempeio a tr
representa sus

videogame. In this study, an experiment was designed to
evaluate the users’ social presence while they were playing the
AssaultCube-CX videogame in a Team keep the flag mode. To
this end, the performance in terms of users’ social presence
was measured while they were playing an AssaultCube-CX
with and without the VIPSO visualizer, in order to evaluate
the effect of social presence visualization on teamwork.

To recruit participants, we made a call via social net-
works (Facebook) to invite players to participate in this
research. In addition to the social media calls, posters were
placed in computer centers for PC gamers, computer equip-
ment stores, and at the Faculty of software engineering of
the Universidad Veracruzana.

The study was conducted throughout December 2019 in an
experimental classroom of the Master in User-Centered
Interactive Systems at the Universidad Veracruzana. Each user



had a laptop and a monitor during the test. The laptop screen
was used as the main monitor to play AssaultCube-CX in the
usual way, and the secondary monitor was used to display
social presence awareness information through VIPSO.

This experiment consisted of a series of tests with 12 vol-
unteer videogame players from Mexico aged between 18 and
36 (with different levels of experience, from beginner to
expert players). All the volunteers who participated in the
tests were men. The process of evaluating social presence
took place in two stages: in the first stage, a test to measure
social presence was carried out without the visualization
mechanism; in the second stage, the users’ performance was
measured through the presentation of the visualizer. While
running the tests, AssaultCube-CX recorded all the actions
that players performed, for example, the number of enemies
knocked down, the number of teammates knocked down,
the number of flag captures, among others. The data
recorded during the game captured the details of the activity
and made it possible to calculate the users’ social presence.
The procedure for this test is explained below:

e Opening. At this stage, the participants are acknowl-
edged for their participation and introduced to the peo-
ple who will conduct the test. After a brief explanation of
the procedure and the purpose of the test, a letter of
consent is explained to the participants and they are
asked to sign it.

e Game session (without VIPSO). The type of game and a
briefing about the basic functions of the video game are
provided. Thereafter they had 10min to explore the
game options and 15min to play a game.

e Game session (with VIPSO). Players learn about the
game type and the visualization mechanism. Participants
logged in into VIPSO and consulted their social presence
while playing an AssaultCube-CX game. They had 5min
to become familiar with the visualization system and
15min for the development of the Team keep the
flag activity.

e Discussion about the game experience. Participants

answer the Computer Systems Usability Questionnaire
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9
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(CSUQ) to measure users’ perceived satisfaction with
VIPSO usability.
e Closure. Users are acknowledged for their participation.

In order to avoid any differences in the circumstances,
the same user groups participated in both tests. However, to
prevent potential learning bias that could influence perform-
ance, the tests (with and without VIPSO) were interleaved
in each session. For example, the first team started playing
AssaultCube-CX without VIPSO followed by another
VIPSO-supported videogame, the second team first played
with VIPSO and then with only the videogame. In total
there were 6 games (3 with and 3 without VIPSO). Four
players participated in each game.

7. Results

We conducted an experiment with the participation of 12
volunteer videogame players to evaluate the effects of social
presence visualization. To assess social presence it was neces-
sary to analyze the records for each player, including the
number of enemies shot down, the number of teammates
shot down, and the number of flag captures. Figure 18 shows
the outcomes from the evaluation of social presence in the
exploratory experiment.

The graph in Figure 18 shows that social presence during
the collaborative activity supported by VIPSO (represented
with the orange bar) was maintained or increased in 10 out
of the 12 participants with respect to the non-supported
social presence awareness information (represented with the
blue bar).

In order to know the perceived satisfaction of the VIPSO
system, volunteers in this study answered the Computer
System Usability Questionnaire (CSUQ version 3). The
CSUQ questionnaire consists of 16 questions in form of
statements that cover issues related to the usefulness of the
system (1, 2, 3, 4, 5 and 6), the quality of the information
(7, 8,9, 10, 11 and 12), the quality of the interface (13, 14
and 15), and the overall satisfaction with the system (16).
Users rated each statement using a 7-point Likert scale,

ul u2 u3 uéd u5 ub u7 u8 u9 ulo ull ul2

H Without VIPSO  m With VIPSO

Figure 18. Results of social presence test.
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Figure 19. Results of the satisfaction survey.

Table 4. VIPSO satisfaction results by category.

SYSUSE INFOQUAL INTERQUAL OVERALL
Mean 233 2.78 2.66 2.56
Lowest 1.16 1.00 1.00 1.31
Highest 6.66 6.50 6.66 6.50
Standard deviation 1.62 1.68 2.34 1.57

where 1 meant” strongly agree” and 7 meant” strongly dis-
agree.” Figure 19 shows the results of the survey as part of
the experiment on users’ perceived satisfaction with the
VIPSO system.

Figure 19 shows the result of VIPSO’s perceived satisfac-
tion. VIPSO users expressed high satisfaction on the sys-
tem’s usefulness, and between high satisfaction and
satisfaction on the quality of the information and the quality
of the interface. Finally, regarding the overall satisfaction of
the system, users expressed a favorable opinion in regard to
the overall satisfaction of the system. Table 4 shows the
mean, the lowest value, the highest value, and standard devi-
ation obtained by category: the score of the utility of the
system, the quality of the information, the quality of the
interface, and overall satisfaction.

Analyzing the Table 4 and considering that low scores
are better than high scores (the best value of the scale is 1)
in the CSUQ seven-point scale, the results indicate that the
overall satisfaction of VIPSO -which is between 2 and 3 in
all its categories- is perceived as good.

8. Discussion

The social presence visualization system represents the per-
formance through a bar chart, donut chart, pictogram or
radar diagram, depending on the user’s preference. The out-
comes from users’ observation during this research show no
problems interpreting the information presented because it

Agree
Neither agree nor disagree
Disagree

was presented through representations familiar to gamers
according to our previous analysis. We also observed that
nine participants (75%) used bar graphs to consult their
social presence during an AssaultCube-CX game. This gives
us clues about the preferred visualization technique for rep-
resenting social presence in collaborative video games.

In addition to performance information, the visualization
system provides messages that encourage user participation
when their social presence is low (less than 11%) for 5min.
The participants’ high social presence in the exploratory test
did not trigger this mechanism. Prior to the experiment, a
pilot study was conducted with intermediate and beginner
players whose social presence was less than 11% during a
game. Therefore, in this test, as opposed to the exploratory
experiment, the message “Your teammates need your help,
support them” appeared. When the participants read the
alert message, they communicated with their peers to better
coordinate and support them. For example, one participant
explicitly says phrases like: What can I do for you?. Thus,
from the result of a proactive attitude, communication, and
coordination with their peers, users intensified their contri-
butions to teamwork. Although the exploratory study did
not show any messages, the participants’ social presence
heightened when they were aware of their performance. So
both tests show that the addition of tools to measure and
display performance in terms of social presence fosters the
understanding of one’s own relevance, which stimulates a
better collaboration and support to peers.

In the social presence evaluation study, to avoid bias in
the social presence results and perceived satisfaction, we do
not include people who had participated during the user-
centered design process of the display system. The results of
this study indicate that social presence visualization, in
terms of team performance, has positive effects on collabora-
tive videogame players. However, given the reduced number
of volunteers in the exploratory test, more tests with more



users are necessary to study user behavior in other types of
collaborative videogames. Therefore, the use of social pres-
ence visualizers in other types of collaborative videogames
and their possible use in other scenarios or fields of applica-
tion should be envisaged for future work.

9. Conclusions and future work

This research aimed to examine how to show the social
presence information and analyze the effect of social pres-
ence visualization on users’ performance. The analysis of
social presence representations shows that tables and time-
lines are used in groupware systems to present social pres-
ence, while videogames, in addition to tables, display the
social presence information through pictograms, gauges, bar
charts, and radar charts.

As part of this study, we proposed a social presence visu-
alization system architecture and used it to build a visualiza-
tion system prototype in a collaborative video game. We
designed and developed the social presence visualization sys-
tem using the user-centered design approach. An iterative
design approach that, based on tests throughout the project
life cycle, allows learning through empirical evidence and
redesigning the product to adapt it to end-users’ capabilities,
expectations, and aptitudes. After the prototype construc-
tion, we examined the effect of social presence awareness
visualization on team performance in the AssaultCube-
CX videogame.

Our study examines the effects of social presence visual-
ization in a collaborative videogame. We found that 10 out
of the 12 participants increased their team performance or
maintained it (when already was optimal) with social pres-
ence visualization support. The result is consistent with
Torres study Torres et al. (2019), which indicates “a trace of
a positive effect on users that visualize the team perform-
ance indicators.” The results of the exploratory test show the
usefulness of the visualization system to increase awareness
of social presence, encourage collaboration, and support
team performance in a collaborative videogame.

The collaborative video game AssaultCube-CX used as a
case study, like other collaborative systems, integrates differ-
ent awareness visualization mechanisms. Like most team
games, this video game also has a score-based metric system
that measures the achievement of specific targets (regardless
of whether they contribute to teamwork). Although these
have been useful to support awareness of individual per-
formance, the social presence visualization mechanism by
showing performance in terms of team support shows to be
effective in encouraging teamwork in a video game. The
team performance analysis from composite indicators has
also been explored in other fields such as soccer. Other
works, such as Gamble Gamble et al. (2019) and Robertson
Robertson et al. (2016), analyze the game and team perform-
ance variables that contribute to the game’s outcome.
Gamble Gamble et al. (2019) identified 18 variables that are
useful to analyze the outcome of team performance, and
that could be combined and transformed into new
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performance indicators. However, these works focused on
the identification of indicators and the information is
not displayed.

This study demonstrates that using a social presence visu-
alization system in a collaborative video game can positively
influence collaboration between team members. For future
work, we propose to modify the visualization system to be
more flexible and able to adapt to different scenarios, collab-
orative activity models (not only video games), and contexts
of use to adjust the design and content of the information
according to the device used. This goes beyond responsive
design, which adapts to different resolutions and screen
sizes. The next generation visualization system should also
contemplate whether the screen is where the collaborative
activity takes place (the shared workspace), or whether it is
a secondary monitor or peripheral device to the system.
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